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Nannoperca obscura (Yarra pygmy perch) and Nannoperca australis (Southern pygmy perch) ap-

pear to have undergone differential declines in abundance and distribution sincc European settlement.

We examined patterns of abundance and habitat use of these species in allopatry and sympatry. While

the pattern of habitat use by N. obscura was very similar to that of N. australis in allopatry, it was

restricted to only a small proportion of available habitats and excluded from the floodplain when sympatric
with N. australis. Habitats utilised by N. obscura when svmpatric with N. australis were also occupied
by relatively large numbers of Perca fluviatilis (Redlin). We speculate that the different patterns in
abundance of pygmy perch among sites were largely due to interactions between size-fecundity relation-
ships, habitat use sometimes mediatcd by interspecific competition, and predation intensity by P, fluviatilis.
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NANNOPERCA AUSTRALIS (Southern pygmy perch)
and Nannoperca obscura (Yarra pygmy perch) are
small, pcrch-like fishes endemic to south-eastern
Australia. The two species are morphologically (Kuiter
and Allen 1986) and ecologically similar (Backhouse
& Gooley, 1979; Kuiter et al. 1996). While N. australis
can attain a maximum size of 85 mm, N. obscura is
slightly smaller, reaching a maximum size of 75 mm
(Allen et al. 2002). Both specics inhabit slow flowing
or still waters with abundant aquatic vegetation and
are often found together (Kuiter ct al. 1996). Their dicts
are similar and inelude planktonic crustaceans, aquatic
inseets and their larvae (Kuiter et al. 1996). The
breeding season of N. obscura (September — October)
overlaps with that of N. australis (September -
January) (Allen et al. 2002).

Nannoperca obscura has been recorded from only
24 localities in southwestern Victoria and southeast-
ern South Australia and appears to have undergone
large-scale reductions in its distribution and abundance
since European settlement (Kuiter et al. 1996; DNRE
1998). It has been suggested that the decline is prob-
ably due to habitat loss and modification, and interac-
tions with introduced species (Wager & Jackson 1993;
Kuiter et al. 1996). The species is considered ‘threat-
ened’ and currently listcd as ‘vulnerable’ (Wager &
Jackson 1993; Groombridge & Mace 1994).

While N. australis is still considered a common
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and widespread species in Victoria (Koehn &
O’Connor 1990), it also appears to have suffercd popu-
lation deelines, although not as severe as N. obscura
(Kuiter et al. 1996). Although habitat loss and modifi-
cation have been identified as probable causes of their
declines, no detailed studies have been carried out on
habitat use of N, obscura and N. australis, This study
compares habitat use of these two species of pygmy
perch during spring-summer, and hypothcses are pro-
posed to explain the differential decline of N. obscura

.and N. australis.

METHODS
Site Selection

Habitat use by sympatric N. obscura and N. australis
was investigated at two sites in Deep Creek. Decp
Creek is a second order stream located in south central
Victoria that flows south into the Maribyrnong River
system. The upper reaches of Deep Creek contain slow
moving water most of the year, with a silt and gravel
substratum. The Deep Creek 1 site was located at
Linehan’s Bridge (37°15°S 144°42’W), and the Deep
Creck 2 sitc was loeated approximately 2 km down-
stream at Mustey’s Bridge (37°15°S 144°44’W). Habi-
tat use by N. obscura in the absence of N. australis
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was investigated at Woady Yaloak River, which repre-
sents the only known allopatric population of this spe-
cies (DNRE 1998). The Woady Yaloak River is a third
order stream located in southwest Victoria that runs
into Lake Corangamitc. It is normally slow flowing,
with a mud, sand and gravel bottom. The Woady
Yaloak River site was located at the Hamilton High-
way bridge (37°47°S 143°34’W). Deep Creek sites
were sampled on four occasions, and Woady Yaloak
River on two occasions.

Site Descriptions

The physical characteristics of the three sites used in
the study werc very similar. They were approximatcly
40 m long and 10 m wide and consisted of a number
of well-vegetated, shallow (< 1 m) pools and sparscly
vegetated, deep (1 m - 1.5 m) pools. At Woady Yaloak
Riverand Deep Creck 1 low lying insct benches (mini-
floodplains) were inundated throughout the sampling
period. This created shallow (400 mm dcpth), low flow
habitats containing both semiaquatic and aquatic veg-
ctation. The land surrounding the sites is primarily uscd
for grazing, and little native vegetation remains.

Fish Abundances

Preliminary sampling was conducted at both Dccp
Creek sites in September 1998, Subsequent sampling
occurred once a month betwcen October 1998 and
January 1999 except for Deep Creek 1. which was not
sampled in January duc to low water levels, and Woady
Yaloak River, which was not sampled in October and
November.

Fish ahundances were determined using unbaited
funnel traps (commonly referred to as bait traps). Traps
measured 500 mm x 250 mm x 250 mm, with 50 mm
(diamcter) openings located at both ends and a mesh
diameter of 4 mm. Abundances were standardised
(numbcr of fish caught per trap per hour) in order to
account for variation in trapping effort.

Habitar Use

To determine habitat usc by fish specics. a trapping
regimc using stratificd sampling was employed
(Schaeffer et al. 1996: Sutherland 1996). Previous
observations indicate that both N. obscura and N.
australis arc closcly associated with aquatic

macrophytes (Backhouse & Gooley 1979; Humphries
1995 Kuiter et al. 1996). Four structurally different
habitat types were recognised at each site: submerged
and emergent plants with very fine or feathcry lcaves;
emergent plants with narrow leaves; mixture of both
types of plants and: open water (channel). Six funnel
traps were placed randomly within each habitat. At
Woady Yaloak River and Decp Creek 1 an additional
6 traps were placed in floodplain habitats to determine
floodplain use by pygmy perch. Traps were always
placed more than 2 metrcs apart. Traps were set for a
24-hour period, and fish removed at dusk and dawn.
At the end of the samipling period fish were released
immediately after being measured (standard Icngth
(SL)to the nearest 1 mm) back into the habitat in which
they had been caught, Very light pressurc on the belly
of females was applicd to determinc if they wcre
‘spawning’ (Kesteven 1960).

Data were analysed using the statistical package
JMP (SAS Institute 1995). The Shapiro-Wilk test for
normality was performed on all the data, and equality
of variances was tested using the O’Brians 0.5 test
(Sokal & Rohlf 1995). Parametric or non-parametric
statistical tests werc used in the analysis, depcnding
upon the outcome of these tests. Abundance data were
square root transformed prior to analysis, as some were
not normally distributed. Because individual trap suc-
cess ranged from 0 - 80 individuals, individual traps
werc considered to be the sampling unit. Comparisons
of the relative abundance of pygmy perch in the
floodplain and river were made using standard t-tests
or Kruskal-Wallis Chi-square tests. Probability values
were tested using the sequential Bonfcronni technique
(Holm 1979) to eliminate bias of a single test signifi-
cance value (Rice 1989). Habitats within sites were
compared using onc-way ANOVASs or Kruskal-Wallace
Chi-square tests. All among group pair-wise compari-
sons were undertaken in conjunction with the Tukcy-
Kramer HSD test for all comparisons. The alpha lcvel
was set at 5%.

RESULTS

The same fish species occurred at the three study sites
over the sampling period, except that N. australis was
abscnt from Woady Yaloak River (Table 1). Additional
specics collected were Anguilla australis (Short-finned
eel), Perca fluviatilis (Redfin) and Gambusia
hotbrooki (Eastern mosquitofish).

Our results indicate different patterns of temporal
and spatial variation in abundance of pygmy perch
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Study Site Sample Nanunoperca  Nannoperca  Anguilla Perca Gambusia
australis obscura australis fuviatilis holbrooki
Deep Creek 1 Sept. 15 5 0 0 2
Oct. 68 18 0 0 5
Nov. 1100 25 1 1 4
Dec. 1162 28 2 0 8
Deep Creek 2 Sept. 39 3 0 0 1
Oct. 74 7 4 0 5
Nov. 356 20 6 0 7
Dec. 396 11 2 15 5
Jan. 314 4 6 27 5
Woady Yaloak Dec. 0 135 1 1 2
River Jan. 0 267 1 2 3
Table 1. Total number of fish collected in funnel traps during monthly sampling events between spring 1998 and summer
1999.
@DenOock 1 0Dop Cock 2 populations (Fig. 1). While sizable increases in the
25. relative abundance of N. australis occurred in Novem-
ber at both Deep Creek sitcs, the increase at Deep Creek
ol 1 was substantially greater than at Deep Creck 2. In
- contrast, N. obscura showed little temporal variation
. at the Deep Creek sites. However, relative abundances
'2) of N. obscura at Woady Yaloak River were an order of
magnitudc larger than at both Deep Creek sites.
N Length frequency data (Fig. 2) indicated that Sep-
tember samples of N. australis from both sites con-
05 : 'h sisted of a small number of adults. Spawning N.
australis females eollected from Deep Creek 1 in Scp-
0 tember were significantly larger than those collected
at Decp Creek 2 (Mean SL= 40.4mm vs. 32.9mm:
- 1 Docp Greck 1 1 Doep Grack 2 Kruskal-Wallis Chisquare,X*=10.31,d.f. =1, p=0.001).
f ey e R While substantial increases in its abundance occurred
o % at hoth sitcs in November as a result of juvenile re-
<= 061 [ cruitment, the increase was much smaller at Deep Creek
f, - |' : 2 despite similar aduult abundances two months ear-
g | -‘ ! lier. Sample size was insufficient to compare size of
<ZD G2y { N. obscura spawning females. The relatively small
03 adult populations and low juvenile recruitment of AN.
| obscuraresulted in little change to abundances at both
02 Decp Creek sites over the sampling period.
0.1 % Significantly more N. obscura were trapped on the
Ol S, [ EEU ‘ . floodplain compared to the river at Woady Yaloak

QOctober Noverrber  Decerrber January

Month
Fig. I.  Mcan (z 1 SE) relative abundance (number of fish
caught/trap/hour) during spring and summer of (i) N. australis
at Deep Creek 1 and Deep Creek 2, and (ii) N. obscura at
Deep Creck 1, Deep Creek 2 and Woady Yaloak River. Woady
Yaloak River not sampled in October and November, and
Deep Creek 1 was not sampled in January (sce text).

(Table 2). In contrast, larger numbers of N. obscura
were trapped in the river at Deep Creek 1. Trapping
success for N. australis at this site was signifieantly
greater on the floodplain than in the river for all trap-
ping episodes. These results indicate that N. obscura
freely utilised the floodplain in allopatry but were sel-
dom found there when sympatric with N. australis.
The patterns of habitat use by N: australis (Fig.
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Fig. 2. Size variation (standard length in mm) of (i) N. australis and (ii) N. obscura individuals colleeted from (a) Deep
Creck 1 and (b) Deep Creck 2 between September 1998 and January 1999. (Note the different scales on the Y-axis and that
adult N. australis are not visible in November/December at Deep Creek 1 because of seale)
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3) and N. obscura (Fig. 4) differed at both Deep Creek
sites in that N. australis utilised all available habitats,
but N. obscura was largely restrieted to only two habi-
tats (those with both submerged and cmergent feath-
ery plants and the channel). At Woady Yaloak River
N. obscura used all available habitats (Fig. 5). While
the types of habitats at the two streams were very simi-
lar, the pattern of habitat use by N. obscura differed
when N. australis was present. Nanuoperca obscura
exhibited a similar pattern of habitat use to that of N.
australis when in allopatry. All vegetated habitats were
occupiced, and relatively few individuals were trapped
in the channcl.

The number of potential predators of pygmy perch
caught in cach habitat is shown in Table 3. We recorded
pygmy perch in stomach contents of a small number
of P. fluviatilis and A. australis (unpublished data).
While pygmy perch were not recorded from G.
holbrooki in this study, it is likely to be a predator of
only cggs and larvae. Relatively large numbers of A.
australis and P flaviatilis were colleeted at Deep Creek
2 compared to Deep Creek 1, suggesting that their
abundancc was greater at the former site. Auguilla
australis was caught in all habitats except the chan-
nel. Perca fluviatilis was caught in all habitats, with
the largest numbers occurring in channcl habitats and
those with submerged and cmergent feathery vegeta-
tion. Nauuoperca obscura was also largely restricted
to these habitats at this site. Relatively small numbers
of P. fluviatilis were caught at Woady Yaloak River.

DISCUSSION

Unbaited funnel traps proved to be an effective and
non-intrusive way of capturing pygmy perch. Although
variationin trapping success of pygmy perch may have
been influenced by several factors, including fish den-
sity, fish activity, trapping effort and trap density, the
sampling rcgime used in the study probably provided
good cstimates of the abundances of both species
among sitcs and habitats. However, trapping success
of funnel traps undoubtedly produced underestimates
of predator abundanees because of sizc bias.

The patterns of temporal clianges in abundance of
N. obscura and N. australis at the study sites may
have been due to differences in fecundity, spawning
success, mortality (particularly of juveniles) and/or
emigration. Adult populations of N. obscura were
much smaller than those of N. australis at Decp Creek,
but juvenile recruitment was also substantially lower
than expected based upon adult numbers iit the spring,

particularly at Deep Creek 2. Fecundity of a N.
australis stream population was found to range from
78 to 679 (Humphrics, 1995), depending upon female
size. While the fecundity of N. obscura is not known,
itmay be similar to that of N, australis given the simi-
lar size and shape of the two speeies. Although N. ob-
scura was not sampled from the Woady Yaloak River
site in spring, samples collected in summer suggest
that adult survivorship and juvenile recruitment was
relatively high, resulting in summer populations that
were an order of magnitude larger than the Deep Creek
sites.

Abundance patterns of N. australis may have becn
largely determincd by differences in feeundity and
predator abundance at a site. The lowcer number of in-
dividuals at Decp Creck 2 may have been partly due to
the smaller body size of spawning females. Fecundity
in N. australis has becn found to be correlated with
body size (Humphries 1995). Intraspecific variation
in fecundity is common in fish (Healy & Heard 1984;
Huniphries 1989) and may be due to factors such as
variation in food supply (Bagenal 1969) and age/size
dependent mortality (Rezniek & Endler 1982).

The larger numbcer of P, fluviatilis and A. australis
caught at Deep Creek 2 also suggests that the lower
numbers of N. australis at this site during spring-sum-
mer may have been due in part to larger populations
of these predators of pygmy perch. Whilc abundances
of N. ebscura among sites may have also been influ-
enced by predation by these piscivores, compctition
with N. australis (see below) may have resulted in
higher predation rates of N. obscura at Deep Creek
(especially Dcep Creek 2) compared to Woady Yaloak
River,

The floodplain was utilised by both species of
pygmy perch during late spring - early summer when
available at Decp Creek and Woady Yaloak River.
Naunnoperca australis was found in significantly
higher numbers on the floodplain compared to the main
river at Deep Creek 1. N. obscura was also eaught in
significantly higher numbers on the floodplain at
Woady Yaloak River however, it was virtually absent
from this habitat at Deep Creek 1. While floodplain
habitat does not appear to be cssential for N. australis
and N, obscura, the rclative abundanee of N. obscura
was lower when absent from the floodplain (Deep
Creek 1), or when a floodplain failcd to develop
because of channel eharacteristics (Deep Creek 2).

Floodplain habitat is important to many native fish,
particularly as a nursery providing plentiful food
(Geddes & Puckridge 1988). Floodplains also appear
tobe utilised by other specics of pygmy perch as nurs-



GREG M.A. WOODWARD AND BRIAN S. MALONE

66

(a1enbsIyD slEm-xSTIN) Y=, 1sa1-i=

1000

9

© /2’6"

900+ v2'0 og LI"0F v8°0 POL 990 | JBNIY YeOo[eA AprOpy BINOSqO "N
£00°0 5 a¥8'8 £0'0F80°0 8¢ 0+ 0 0 %eq
200°0 1 189’6 £0°0¥ 80°0 Se 10°0% 10°0 € "AON
100°0> I alELL 20’0+ 81’0 8l 0+ 0 0 120 L ¥9a1p deaq 2Inosqo ‘N
2000 0L e 6L 9¢'0% L0') S.E ot'0+8ge 8L 08Q
£00°0 0 = 90°€- €20+ 560 vee 6£°0¥S2¢ 99/ ‘AON
$00°0 0L © 662 ¢0'0¥50°0 81 £0°0F V10 05 0 L3ea10deaq | syessne N
(1A utew) (urejdpooyy)
(181 urew) ysid jo (urejdpooy) ysi4 jo
anjead TP | 2XA$91-1 | aduepunqe aAnejey JaqunN B0 | eouepunqeBAtRieY | JaquinN [elo | sidwes g sapadg

Total number and eomparison (t-test or Kruskal-Wallis Chisquare test) of the mean (+1 SE) relative abundance

Table 2.

Deep Creek | and Woady

ain river at

(number of fish caught/trap/hour) of N. australis and N. obscura on the floodplain and m

Yaloak River.



ABUNDANCE AND HABITAT USE BY PYGMY PERCH

) N. australis

67

(ii) N. obscura

{a) October 0.35 -
0.35 - 0.3 4
0.3 4 e 0.25 4
=y T 021
a
0.2 4 l
ab ab 0.15 4
0.15 i '[
1 0.1 1 E
0.1 4 ‘ :
i _ I b ; b
0051 | 1 0.05 - b b )
0 T T — T E- — 0 T T 1
(b) November
a -
4- 0.35
351 0.3 1 a
< a
34 ]
f J ¥ a ]_ 0.25
Q22 \ - 021
S i !
- 2 i l
d= 0.15 -
wn 15
= ] 0.1
'l B ; b b b b
Z 05 4 0.05 -
0 T T T ] —_ 0 T - T T 1
{c) December a
0.35 1
4 -
a 0.3 4
35 . &
3 0.25 1 :
251 ]- 0.2
& I 0.15 -
1.5 - R
14 b 0.1+ E
0.5 1 { 0.05 - b b b
1] T T T —
Mixed Narrow Leaf Submerged&  Channel 0 2 . . !
Vegetation Emergent Emergent Mixed Narrow Leaf Submerged &  Channel
Feathery Vegetation Emergent Emergent
. Feathery
Habitat

Fig. 3. Trapping success (number of fish eaught/trap/hour) for N. australis and N, obscura at cach habitat in Deep Creek 1.
Tukey-Kramer tests were used to compare all habitat pairs. Means with the same letter are not significantly different (p20.05)

for that graph. Note the different seales on the Y axes..
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Fig. 5. Trapping success (number of fish caught/trap/hour)
for N. obscura in cach habitat a1 Woady Yaloak River. Tukey-
Kramer tests were used to compare all habitat pairs. Means
with the same lerter are not significanily different (p, 0.05).
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Narrow Leal Channel

Emergent

erics. Nannatherina balstoai (Balston’s pygmy pereh)
(Morgan et al. 1995) and Edelia vittata (Western
pygmy perch) (Pen & Potter 1991) move onto the
floodplain after heavy flooding prior to spawning.

Nannoperca australis and N, obscura have been
previously associated with aquatic macrophytes
(Llewellyn 1974; Cadwallader 1979; Jackson &
Davies 1983). This close association was also exhibited
by both species in this study. While N. australis
showed only an occasional preference for particular
vegetated habitats, the channel habitat was gencrally
avoided. Backhouse & Gooley (1979) and Humphries
(1995) found N. anstralis has a strong preference for
shallow water with low to zero veloeity. The channel
habitats at Deep Creek were characterised by deep
water, little vegetation, and stronger current flows
compared to other habitats, which probably accounts
for the low number of N. australis recorded in this
habitat.

While habitat floristics do not appear to be impor-
tant, N. austealis was trapped at relatively low num-
bers in arcas containing Myriopliyllumn, despite the high
density of macrophytes and shallow water. Relatively
large numbers of P. fluviatilis were also caught in these
areas, and some had been feeding on pygmy perch.

Humphries (1995) indicated that N. australis is an
important prey item for P. fluviatilis, and Hutchinson
(1991) provided circumstantial evidence that P
Sfluviatilis was responsible for eliminating E. vittata
(western pygmy perch) from many sites in the Murray
River in Western Australia. While the relatively low
numbers of N. australis trapped in this habitat may
have been due to P, fluviatilis predation, fish are known
to respond to predators by moving to habitats provid-
ing proteetion (Cerri & Fraser 1983; Werner et al.
1983).

While the pattern of habitat use hy N. obscura was
similar to that of N. australis in allopatry, it was cs-
sentially restricted to only one of the vegetated habi-
tats and the channel habitat when sympatric. The habi-
tat restriction of N. obscura at Deep Creek may be
due to past or current interspeeific competitive inter-
actions (Connell 1980), habitat preferences of the spe-
cies (Nilsson 1967; Wootton 1990) or predator avoid-
ance (Cerri & Fraser 1983; Werner et al. 1983).

We speculate that the different patterns in abun-
dance of pygmy pereh among sites were largely due to
inteructions between size-fecundity relationships, habi-
tat use sometimes mediated by interspecific competi-
tion, and predation intensity. Mortality rates due to pre-
dation will be influenced by predator abundance and
encounter rates (Ware 1972). While abundances of N.
australis may be influenced by overall predator abun-
dances, predation rates on N. obscura may be higher
when sympatric with N. australis because of its re-
striction to habitats with high predator abundances, in
particular P, fluviatilis.

Observations of niche shifts and associated
changes in mortality provide some of the best evidence
that competition plays an important role in determin-
ing ccological assemblage and community character-
istics. It appears that the competition for space between
N. australis and N. obscura and predation by P.
JSluviatilis may influenec habitat use and relative abun-
dances of the two species. This suggests that the dif-
ferential deeline in N. australis and N. obscura
populations since European scttlement may be due to
the competitive superiority ol N. australis and habitat
use by N. obscura, N. aunstralis and P. fluviatilis.
Stronger evidence that these biotic interactions under-
lic the dilTerential decline of N. obscura and N.
anstralis would require more replicate sites for each
assemblage type, further sampling over time to cstab-
lish assemblage stability, and/or removal experiments.
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Mean trapping success of pygmy perch predators (mean number of fish caught per trapping session) in different

habitats at Deep Creek and Woady Yaloak River for all samples.

Table 3.
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